We consider the supersymmetric extension of the Standard Model with neutrino Yukawa interactions and R-parity violation. We found that R-parity breaking term λ iνi HuH d leads to an additional F -type contribution to the Higgs scalar potential, and thus to the masses of supersymmetric Higgs bosons. The most interesting consequence is the modification of the tree-level expression for the lightest neutral supersymmetric Higgs boson mass. It appears that due to this contribution the bound on the lightest Higgs mass may be shifted upwards, thus slightly opening the part of the model parameter space excluded by non-observation of the light Higgs boson at LEP in the framework of the Minimal Supersymmetric Standard Model.
Introduction
The searches for the Higgs boson and new phenomena beyond the Standard Model of fundumental interactions are important tasks for the new particle accelerator -the Large Hadron Collider. The most popular direction beyond the SM is low energy supersymmetry. However, it is not clear how supersymmetry is realized. The simplest case -the Minimal supersymmetric Standard Model (MSSM) 1,2,3,4 -is studied in detailes, however possible deviations from it are of great interest as well. There exists a wide class of models which contain so called R-parity breaking interactions leading to the violation of lepton and baryon numbers 5 . These models have a number of new coupling constants, some of them are badly constrained, for instance, by rare processes, other ones are less restricted.
In this Letter we consider the model with the neutrino Yukawa interactions and related R-parity violating term in the superpotential. The interesting consequence of including the R-parity violating λ iνi H u H d term is the modification of the treelevel expressions for the Higgs boson masses and upper bound on the lightest Higgs boson mass in the MSSM.
MSSM Higgs scalar potential, minimization conditions and supersymmetric Higgs boson masses
In this chapter we consider general features of supersymmetric theories related to the scalar potential, its minima, and masses of the physical Higgs boson states. It is well known that in these theories the scalar potential is not an arbitrary function of the fields but is fixed by supersymmetry. The sources of the Higgs scalar potential are D-terms coming from gauge-Higgs interactions, F -terms originating from the superpotential, and soft supersymmetry breaking terms:
where the sum is taken over the gauge groups, their generators, and scalar components of the chiral Higgs superfields. From the R-parity conserving MSSM superpotential
only the Higgs mixing µ-term
gives the contribution to the F -part of the V Higgs :
The Higgs doublets are defined as
, and the "dot" operation (·) denotes the SU (2) convolution of the (super)fields doublets with the help of the totally antisymmetric ǫ ij -tensor. Soft supersymmetry breaking is parametrized by the mass terms for the corresponding scalar components of the Higgs superfields and an analogue of the Higgs mixing term BµH d ·H u
The final form of the Higgs scalar potential then reads
To calculate the masses of physical Higgs boson states one has to take the second derivatives of the scalar potential (3) with respect to the corresponding real and imaginary components of the Higgs fields taken at the minima and then diagonalize the mass-squared matrices. Then one gets the following expressions 6,7 for the mass of the CP -odd
for the heavy and the lightest neutral CP -even Higgs bosons H 0 and h
and for the pair of charged Higgs bosons
Three mass eigenstates remain zero corresponding to the Goldstone bosons eaten by SU ( 
and the famous inequality
However, radiative corrections coming mainly from the top-stop loops badly violate this inequality 6 . For the loop corrected lightest Higgs mass one has
which shift the mass bound upwards 8,9,10,11,12 . Renormgroup resummation of allorder leading log contributions using effective potential approach slightly changes the predictions 13 . Besides, the MSSM scenario with tan β ≤ 3 is excluded experimentally by nonobservation of the Higgs boson lighter than 114 GeV.
Supersymmetric Standard Model with the Right-handed
Neutrino and R-parity breaking
The superpotential of the Standard Model (1) is constructed under assumption that neutrinos are massless (there are no Yukawa interactions for the neutrinos which can generate Dirac neutrino mass terms after the electroweak symmetry breaking) and the R-parity is conserved. In this case it repeats (up to notations) the Yukawa part of the Standard Model lagrangian. However, it is believed nowadays that neutrinos have masses, even tiny, then the neutrino Yukawa term
in the superpotential is possible and should be included (ν i here are SU (2) singlet right-handed neutrino superfields, and y ij ν are neutrino Yukawa couplings). The latter implies that one also has to include a term
to the R-violating part (recall that L and H u superfields have the same quantum numbers and no symmetries but lepton number are violated). Therefore we consider the superpotential of the model in the form:
The soft supersymmetry breaking Lagrangian also includes the following terms:
(ν i , L j , H u , H d here are scalar components of the corresponding superfields). The model with this kind of superpotential has been previously considered and studied 14,15 , however the authors were mainly interested in the solution of the µ-problem rather than Higgs mass predictions in the model. Note also, that for simplicity we do not consider sneutrino v.e.v.
The λ i ννi H u ·H d term gives the F -type contribution to the Higgs self-coupling, and the Higgs scalar potential now reads
The minimization conditions for the potential (14) have an additional term due to new neutrino-Higgs interaction (the notation
Higgs Boson Masses
Now it is easy to calculate the masses of the Higgs bosons in our model. Taking the second derivatives of the potential (14) with respect to ImH 0 u and ImH 0 u in the minimum one gets for the elements of the CP -odd Higgs boson masssquared matrix:
The mass eigenstates are then given by 
Sometimes it is more convenient to use m A 0 instead of the B parameter, they are related via (18). Let us now look at the masses of CP -even Higgs boson H and h, the latter corresponds to the lightest Higgs boson in the MSSM. The mass-squared matrix is obtained by differentiating twice the potential (14) (15) and (16). One has, for instance
The neutral CP -even Higgs boson mass-squared matrix then reads
The masses of physical eigenstates are then given by where the quantity ∆ ε related to the new R-violating neutrino-Higgs interactions considered above reads
In the limiting case m A 0 ≪ M Z 0 one gets
which reproduces the MSSM tree-level upper bound for the lightest MSSM Higgs boson at ε = 0
Thus we conclude that in our model the Higgs mass constraint is less stringent. Fig.1 illustrates the dependence of the upper bound for the lightest supersymmetric Higgs mass as a function of tan β for various values of the ε parameter. It is easily observed that the bigger the value of ε, the higher the mass bound. In particular, this takes place for small values of tan β, thus making the parameter space less constrained, and slightly open the scenario with low tan β excluded in the MSSM by non-observation of the Higgs boson lighter than 114 GeV (Fig.2) . For the moderate and large tan β > 10 the contribution proportional to ε 2 is practically negligible, and the Higgs mass bound as well as the excluded region in the parameter space practically coincides with those of the MSSM.
Conclusions
In Conclusion we summarize the main results of this Letter. We have shown that introducing the Yukawa interactions of neutrinos y ij νν i L j H u leading to their Dirac mass terms and consequently the possible R-parity violating terms λ Including the bilinear R-parity violating term µ i L i H u will not crucially affect our results. However, the more detailed study is needed, and the analysis of the full R-parity violating model with the right-handed neutrinos is under study and will be published elsewhere.
